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摘  要 
 












(2) 利用 DICTRA 软件，根据文献报道的杂质扩散、示踪扩散、本征扩散、
互扩散、浓度成分曲线等实验数据对 Ag-X（Zn，Cd，Sn）各二元系的动力学参
数进行了优化和评估，计算结果与实验数据取得了良好的一致性。 








































Many investigations have focused on the development of Pb-free solders.Based 
on the thermodynamic database, the self-diffusion coefficients of Sn, Ag, Cu, Sb, Zn, 
In，Bi and some binary systems were assessed in the frame of DICTRA to establish 
the kinetic database.The thermodynamic and kinetic calculations have been 
recognized as an important tool in the design of materials and investigation on 
interfacial reaction, because it significantly decreases the amount of experimental 
work. The details of the results are described as follows: 
(1) Based on the kinetic parameters of some pure elements in their stable 
structures optimized in the frame of DICTRA, and the kinetic parameters of some 
pure elements in the Fcc_A1, Bcc_A2, and Hcp_A3 structures calculated from 
empirical relation, the kinetic database for pure elements was established. 
(2) Based on the experimental data of impurity diffusion coefficients, tracer 
diffusion coefficients, intrinsic diffusion coefficients and interdiffusion coefficients, 
kinetic parameters in the sub-binary systems of the Ag-X(Zn,Cd,Sn) were optimized 
in the frame of DICTRA, and a good agreement between calculated and experimental 
results was obtained. 
(3) Based on the experimental data of impurity diffusion coefficients, tracer 
diffusion coefficients, intrinsic diffusion coefficients and interdiffusion 
coefficient ,kinetic parameters in the sub-binary systems of the Sn-X(Cu,Ni,Au) were 
optimized in the frame of DICTRA, and a good agreement between calculated and 
experimental results was obtained. 
(4) Based on the achievement of this work and the kinetic information from other 
reference, the kinetic database for Sn-Ag-Cu-Ni-Au-Al-Zn-Cd system was established, 
its application in the simulation of diffusion couple and the movement of interface in 
the soldering process were illustrated . 
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第 1 章 绪 论 
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生长[3]。同时，Pb 降低了纯 Sn 的表面张力，使焊接材料在多种界面表现出的铺
展性能得到较大改善，提高了焊点可靠性[4]。此外，Pb 的加入有效阻止了焊接
材料在温度降低到 13℃时白锡(Sn)向灰锡(Sn) 的相变[4]，增加了焊点的可靠
性。在焊接时，作为溶剂金属，Pb 有利于与其它焊点元素如 Sn 和 Cu 等在液态
下扩散而快速形成有中间相的连接[5]。并且 Pb 很容易获得，而且价格低廉，使
























后来日本和欧洲制定了法规强制要求无铅化工艺的实行。欧盟于 1998 年 4 月提
出的 WEEE/ROHS 指令案[8]，已于 2003年 2月 13日生效，并要求其成员国要在
2004年 8月 13日前将该指令案的内容纳入本国法律条文中。这两个指令案对电
气废弃物的处理和电子产品中有毒物质的处理做了规定。ROHS 指令要求从








东芝 2002 年对手机实现无铅化封装；富士通 2002 年 12 月实现所有产品无铅
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